Abstract Controversies existing over resurfacing the patella in total knee arthroplasty remain in the literature. The purpose of this review was to evaluate the effectiveness of resurfacing versus nonresurfacing the patella in total knee arthroplasty. We searched the Cochrane Library, MEDLINE and EMBASE for published randomised clinical trials relevant to patellar resurfacing. The relative risk of reoperation was significantly lower for the patellar resurfacing group than for the nonresurfacing group (relative risk 0.57, 95% confidence interval 0.38-0.84, P=0.004). The overall incidence of postoperative anterior knee pain of the 1,421 knees included was 12.9% in the patellar resurfacing group and 24.1% in the nonresurfacing group. The existing evidence indicates that patellar resurfacing can reduce the risk of reoperation with no improvement in postoperative knee function or patient satisfaction over total knee arthroplasty without patellar resurfacing. Whether it can decrease the incidence of anterior knee pain remains uncertain.
Introduction
That it is controversial to resurface the patella in total knee arthroplasty (TKA) remains as a topic in the literature because of the higher incidence of anterior knee pain after TKA without patellar resurfacing [1, 2] , which was reported to be between 5 and 47% of patients [3] [4] [5] [6] [7] , and the general idea that the aetiology of anterior knee pain is related to the patellofemoral joint. Some authors recommend routinely resurfacing the patella [7] [8] [9] [10] [11] , while others have reported no evidence to support routine patellar resurfacing. The patella complications were found more often in the resurfaced group than in the group without resurfacing [12] [13] [14] [15] [16] . Further authors suggested a selective decision based on factors such as the patella thickness, the presence of preoperative anterior knee pain, the severity of degenerative changes in the patella or rheumatoid arthritis and the experience of the surgeon [17] [18] [19] .
Randomised controlled trials (RCT) represent the best study design to compare patellar resurfacing with patellar nonresurfacing. However, no consistent results had been provided in these published randomised trials. Four metaanalyses published over the past few years [21] [22] [23] failed to show clear superiority of patellar resurfacing or nonresurfacing, and the relatively small cumulative sample and more short-term follow-up RCTs included make it very difficult to draw a firm conclusion. Thus, whether to resurface the patella routinely is still uncertain. The purpose of this review was to compare the effectiveness of patellar resurfacing versus nonresurfacing in TKA, with a view to provide information for physicians in making a decision. The null hypothesis was that there was no difference in terms of clinical outcomes and patient satisfaction between patellar resurfacing and nonresurfacing after TKA.
The authors contributed equally to the study.
Materials and methods

Criteria for considering studies for this review
All randomised controlled trials comparing patellar resurfacing with patellar nonresurfacing in TKA were eligible. Studies of bilateral total knee arthroplasties in which the patella was resurfaced in one knee and not in the other when the allocation of the two techniques to the operated knees was randomised were also included. All nonrandomised trials and quasi-randomised trials were excluded. The participants were limited to adults who were undergoing primary total knee replacement for osteoarthritis or rheumatoid arthritis. Any kind of prosthesis was considered for this review.
Search methods for identification of studies
We searched the Cochrane Central Register of Controlled Trials (in the Cochrane Library issue 2, 2009), MEDLINE (from 1970 to January 2009) and EMBASE (from 1970 to January 2009) for eligible trials. We also searched the review articles and bibliographies of other relevant studies to identify additional studies. We applied no language restriction and did not include data from review articles, case reports, abstracts or unpublished studies.
Outcome measures
The primary interests were the rate of reoperation for any reason and the incidence of anterior knee pain. According to the reasons for reoperation whether or not they were related to the patellofemoral joint, we further divided reoperation into two categories. One was reoperation related to the patellofemoral joint, including secondary resurfacing, revision surgery for patella component loosening, later additional procedures on the extensor mechanism and revision surgery for patella fracture and the other was reoperation unrelated to the patellofemoral joint, including revision surgery for tibiofemoral component loosening, infection or removal of loose bodies, internal fixation for tibial or femoral fracture and arthroscopic synovectomy. We also categorised primary outcomes as short term (under five years) and mid-to long term (over five years) for subgroup analysis. The secondary outcomes of interest were patient satisfaction and symptom and function scores such as the Knee Society score, the Hospital for Special Surgery score and the Bristol knee score.
Data extraction
Two review authors (Li SZ and Luo XP) independently extracted data of the outcomes using pre-designed standardised data abstraction forms without concealing the journal name and author details. Controversy was resolved by discussion. Reasons for excluding studies were recorded. Whenever studies belonged to the same patients at different follow-up periods, we respectively extracted the data for subgroup analysis comparing short-term with mid-to longterm follow-up trials, and selected the one with the longer duration of follow-up for the main analysis in order to avoid duplication of information. When the available published information was not adequate for the analysis, we communicated personally with the authors for additional information.
Quality assessment
The methodological quality of included trials was evaluated independently by the reviewers (Chen YP and Su W), using a specific tool for assessing risk of bias recommended by the Cochrane Collaboration to assess methodological quality of clinical trials. This comprises a description and judgment for each entry in a "risk of bias" table, where each entry addresses a specific feature of the study. The judgment for each entry involves answering a question, with answers "yes" indicating low risk of bias, "no" indicating high risk of bias and "unclear" indicating either lack of information or uncertainty over the potential for bias [24] .
Data synthesis and analysis
The knee was the unit of the analysis. For each study, relative risks (RR) and 95% confidence intervals (CI) were calculated for dichotomous outcomes, and mean differences and 95% CI were calculated for continuous outcomes [25] . We also calculated the number of knees that needed to be treated to prevent a reoperation or postoperative anterior knee pain. When no heterogeneity existed among studies, fixed-effect [26] models were used to estimate the overall summary effect sizes, and if large between-study heterogeneity existed, random-effects [27] models were used. When necessary, the results of comparable groups of trials were pooled using both the fixed-effect and random-effects models. We tested heterogeneity between comparable trials using a chi-square test and considered P<0.10 to be statistically significant [26] , and quantified its extent with the I² statistic [28] .
We pre-specified characteristics in the protocol for later subgroup analyses in order to explore the between-study heterogeneity and to identify subgroup-specific differences in the effect of the intervention. The reoperation rate among patients undergoing patellar resurfacing versus nonresurfacing after TKA has been reported differently by various authors. In our review we defined the rate of reoperation as our primary outcome. However, because the category of reoperation mixed any operation for any reason and the confounders could affect the comparison of revision of the patellofemoral joint between patellar resurfacing and patellar nonresurfacing. We further divided reoperation into two categories for subgroup analysis [29] . Boyd et al. [7] reported that most complications occurred after the third or fourth year postoperatively, and based on this factor we categorised primary outcomes as short term (under five years) or mid-to long term(over five years) for subgroup analysis. Because different prostheses used in different trials may produce clinical heterogeneity, subgroup analysis may be conducted if observed substantive between-study heterogeneity exists in one outcome. Sensitivity analyses were performed to test the reliability of pooled results, and the results of sensitivity analyses were reported in a summary table. All analyses were done with RevMan5.0 software and the level of significance was set at P<0.05. Funnel plots were used for detecting reporting bias in metaanalyses [30] .
Results
Description of studies
Studies from initial results of publication searches to final inclusion or exclusion are displayed in the flow chart (Fig. 1) . A total of 14 trials (16 articles) were included in this review [9, [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] . There were 1,603 knees included in the 14 studies: 817 knees in the nonresurfaced group and 786 knees in the resurfaced group. The duration of followup ranged from one to ten years. The 14 included studies were published between 1990 and 2008: 12 in English, 1 in German [42] and 1 in Chinese [40] . Ten different prostheses were used. All included trials had compared the baseline preoperatively, and each had a similar baseline. More characteristics of the included studies are shown in Table 1 . Of the 16 included trials, there are 12 studies with adequate random sequence generation and nine studies with adequate concealment of allocation [31-33, 35-38, 43-45] . Eight studies used at least observer blinding [9, 32-38, 40, 44] . The methods used to generate random sequence in the included trials were as follows: random number tables [9, 31, 36] , computer-generated random numbers [37, 38, 42] , randomised envelope [31-35, 43, 44] , coin tossing [40, 42] and not reported [39, 41] . The methodological quality of the included trials can be seen in Table 2 .
Meta-analysis results
Reoperation
All included studies reported the results of reoperation. The results of a total of 1,603 knees showed a rate of reoperation for any reason in 31 of 786 (3.9%) knees in the resurfaced group and 64 of 817 (7.8%) knees in the nonresurfaced group during the period of one to ten years follow-up. When fixed-effects meta-analysis was used, the RR of reoperation for any reason was 0.57 (95% CI 0.38-0.84, P=0.004), but when random-effects analysis was
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RCTs excluded (n=6),with reasons outcome measures were not appropriate for this review; pertained to the same patients; Quasi-RCT. substituted, RR was 0.60 (95% CI 0.35-1.03, P=0.06), indicating such results were unreliable. Sensitivity analysis showed similar summary effects. In subgroup analysis, either the RR or the risk differences (RD) showed no significant difference between the compared groups when we examined trials in which patients had been followed for less than five years (RR=0.79, 95% CI 0.49-1.27, fixed-effects analysis; RD=−0.01, 95% CI −0.04 to 0.02, random-effects analysis). However, the pooled results of trials in which patients had been followed up for more than five years showed a significant difference between the compared groups. The RR in the patellar resurfacing arm was 0.27 times (95% CI 0.14-0.52, fixed-effects analysis) lower than that of the patellar nonresurfacing arm. The absolute risk was reduced by 0.08 (95% CI 0.14-0.02, random-effects analysis) in the resurfacing arm, indicating that one would need to resurface 13 patellae (95% CI 7-50) to avoid one reoperation. The rate of reoperation related to the patellofemoral joint calculated from 14 studies was 1.8% in the patellar resurfacing group and 6.2% in the patellar nonresurfacing group. The RR for reoperation related to the patellofemoral joint was 0.37 (95% CI 0.22-0.61, P=0.0001, fixed-effects analysis), with no heterogeneity, implying there was a significant difference between the two groups. However, the RD was 0.03 in the summary effects and the number needed to treat (NNT) was 33, meaning that in order to prevent one case of reoperation related to the patellofemoral joint one would need to resurface 33 patellae. The summary effects indicated there was no significant difference between the resurfaced and the unresurfaced groups in terms of the rate of reoperation unrelated to the patellofemoral joint (RR=1.33, 95% CI 0.68-2.63, P=0.41, fixed-effects analysis) (Tables 3 and 4 , Fig. 2 ).
Postoperative anterior knee pain
Ten included studies had reported the results of postoperative anterior knee pain [7, [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] 40] ; the incidence of postoper- [33] reported the results of the same patients in different follow-up times ative anterior knee pain was 12.9% in the patellar resurfacing group and 24.1% in the patellar nonresurfacing group, and the RR of anterior knee pain was 0.56 (95% CI 0.45-0.70, fixed-effects analysis) with a significant difference (P <0.00001). However, substantial heterogeneity was detected. We explored the heterogeneity by conducting subgroup analysis, characterised by different lengths of follow-up and different prostheses. Because the heterogeneity existed persistently and it was difficult to determine the causes, we presented the overall effects using random-effects meta-analysis. The RR of anterior knee pain of ten included studies was 0.60 (95% CI 0.32-1.11, P=0.10, randomeffects analysis) with no significant difference between the groups. In subgroup analysis, the RR of anterior knee pain in studies with less than or at least five years follow-up were 0.55 (95% CI 0.26-1.15) and 0.60 (95% CI 0.23-1.59) respectively, showing similar results (Fig. 3) . When the analysis was limited to the high quality studies, the methodological quality of which met the criteria that the allocation sequence was generated randomly with adequate concealment and used at least observer blinding, no significant difference was detected among the resurfaced and nonresurfaced groups (RR=1.03, 95% CI 0.69-1.52, I²= 50%, P=0.90).
Knee scores
Three kinds of knee rating systems were used to assess the effects of TKA in 13 studies, including the Knee Society score (KSS, divided into knee score and functional score) [9, 32-39, 41, 42] , the Bristol knee score [31] and the Hospital for Special Surgery score [40, 44, 45] . Nine studies used the KSS and only four studies provided adequate data for quantitative analyses. The mean difference of the knee score was 2.41 (95% CI 0.92-3.91, P= 0.002) when fixed-effects meta-analysis was used and was 1.9 (95% CI −0.37 to 4.18, P=0.10) when random-effects meta-analysis was used with little heterogeneity (I²=17%). The mean difference of the functional score was not significantly different between the groups regardless of whether fixed-effects or random-effects meta-analysis was used with no heterogeneity (I²=0%). Other studies that cannot be extracted to quantitative analyses were descriptively analysed. Four studies [31, 40, 44, 45] reported that the two groups did not differ significantly with regard to the overall score. Two studies [37, 38] reported that both knee score and functional score were not significantly different between the groups compared, and only two studies [41, 42] reported that the difference between the resurfaced and nonresurfaced groups was significantly in favour of the resurfaced group (Fig. 4) .
Patient satisfaction
Eight studies reported results of patient satisfaction [9, 32-35, 38-41, 43] , but only seven studies were pooled. The summary effects demonstrated that there was no significant difference between the resurfaced and the nonresurfaced [37] reported the median and the interquartile range of satisfaction and showed no significant difference between the groups compared (P= 0.202) (Fig. 5 ).
Discussion
The issue of whether or not to resurface the patella in TKA has been disputed for more than two decades. Many randomised trials have provided inconclusive evidence regarding this problem due to small sample sizes. Therefore, several systematic reviews and meta-analyses have been performed in an attempt to clarify this issue. The meta-analysis by Parvizi et al. [23] 35:305-316 reoperation between the patellar resurfacing group and patellar nonresurfacing group. Nizard et al. [21] performed a meta-analysis which pooled 12 RCTs and quasi-RCTs and reported that the RR for reoperation was 0.43 (95% CI 0.27-0.71, P=0.0008, fixed-effects analysis) and the RR of significant anterior knee pain was 0.39 (95% CI 0.20-0.75, P=0.005, random-effects analysis) in favour of resurfacing. Forster [20] published a systematic review including three RCTs and reported that the overall rate of reoperation for a patellofemoral problem was 0.7% in the resurfaced group and 12% in the nonresurfaced group (P=0.003). Study data on clinical knee scores and anterior knee pain could not be analysed together as there was significant heterogeneity. The meta-analysis by Pakos et al. [22] , which included ten RCTs, showed that the RR of revision favoured patellar resurfacing (RR=0.48, 95% CI 0.30-0.75, fixed-effects analysis) and the RR of anterior knee pain favoured patellar resurfacing (RR=0.40, 95% CI 0.19-0.85, fixed-effects analysis) in five trials. The standard mean differences (SMD) calculated for the knee scores were not significantly different between the compared arms with substantial heterogeneity.
Systematic reviews and meta-analyses are affected not only by the quality of the RCTs they collate but also by the methodology whereby RCTs are selected for inclusion [46] . Because the included RCTs and methods used in metaanalysis were different, the results of the above systematic reviews and meta-analyses were inconsistent. Boyd et al. [7] reported that complications of TKA occurred an average of three years postoperatively in the patellar resurfacing group and an average of four years postoperatively in the patellar nonresurfacing group, and secondary procedures for resurfacing of the patella were performed an average of 63 months after the index procedure. Moreover, some authors reported that the benefit of patellar resurfacing diminished with time [47] . Therefore, if one meta-analysis on this topic included more RCTs with short-term followup, the summary effects may not reflect the true effects of treatments. Compared with the above meta-analysis, relatively more RCTs with long-term follow-up had been included in our meta-analysis, which aggregated 838 knees with at least five years follow-up, and this will produce certain results different from those of the former. However, we believe the findings of our meta-analysis can represent the intervention effects in the mid-to long term.
Our meta-analysis of 1,603 randomised knees demonstrated that the rate of reoperation was lower in the patellar resurfacing group than that of the patellar nonresurfacing group. This finding was not significantly different in the subgroup of trials with a duration of follow-up less than five years. Nevertheless, in the subgroup analysis of trials with at least five years follow-up, the RR of reoperation for any reason was reduced by more than 70% and the absolute risk of reoperation was reduced by 8% in TKA with patellar resurfacing. In order to provide a more direct comparison with two treatment effects, we calculated the rate of reoperation related to the patellofemoral joint. The findings showed that the RR of the rate of reoperation related to the patellofemoral joint in the patellar resurfacing group was 0.37 times lower than that of the patellar nonresurfacing group, which means that patellar nonresurfacing in TKA can significantly reduce the rate of reoperation for patellofemoral joint problems. However, despite the large RR estimates, the absolute risk difference was small (3%). The NNT was 33, meaning that in order to prevent one case of reoperation related to the patellofemoral joint one would need to resurface 33 patellae. Although there were statistically significant differences between the two treatment effects with respect to reoperation, the clinical benefit may not be apparent based on the findings of our metaanalysis. Furthermore, the reluctance to revise a resurfaced patella may decrease the rate of reoperation in the patellar resurfacing group and lead to an overestimation of intervention effect, which has been discussed as a confounding variable in some studies [48] . As isolated revision of the patella component has been reported to be fraught with complications, there are fewer options available for the treatment of anterior pain in a knee with an already resurfaced patella [33] . Therefore, when we use the rate of reoperation as an outcome measure to assess the effectiveness of intervention, this should be taken into account.
The overall incidence of postoperative anterior knee pain in the 1,421 knees was 12.9% in the patellar resurfacing group and 24.1% in the patellar nonresurfacing group. For a pooled estimate, because of the observed large betweengroup heterogeneity, despite a significantly lower RR of anterior knee pain in the patients with patellar resurfacing when fixed-effects meta-analysis was used, attributing the effect to patellar resurfacing uniquely is inappropriate. When meta-analysis was limited to high quality studies, regardless of whether a fixed-effects method or randomeffects method was used, the summary effect showed no significant differences between the two groups with moderate heterogeneity (I²=50%). However, the results cannot be easily interpreted. Statistical heterogeneity is a consequence of clinical or methodological diversity, or both, among the studies [49] . In our review, the differences between studies in terms of methodological factors, such as use of blinding and concealment of allocation, and differences between studies in the way the anterior knee pain was defined and measured, may contribute to differences in the observed intervention effects. Clinical variation will also lead to heterogeneity, such as the specific implant design, surgical technique and patient characteristics. Burnett et al. [50] reported that underlying patient, implant or surgical factors substantially impact the presence of anterior knee pain, and despite resurfacing or nonresurfacing of the patella in TKA, the prevalence of anterior knee pain is approximately 17% ten years postoperatively. Component design influences patella tracking and conformity and may influence the presence of anterior knee pain [36, 51] . In this review, ten different prostheses were used in the included studies, which may be an important variable in the results of patellar resurfacing or nonresurfacing. Patient characteristics, such as weight, height, body mass index (BMI), gender, age and retinacular release, had been proved by some authors to have no relationship to the development of anterior knee pain [9, 35, 37, 38, 53] . Anterior knee pain before and after TKA has often been associated with a patellofemoral aetiology. However, it should be regarded as a syndrome, whose symptoms may be attributed to multiple causes [9, 51, 52] , and is not necessarily related to preservation or replacement of the articular cartilage [29] . In view of the inadequate information about whether different studies compare the same aetiology, the current evidence indicated that the effectiveness of patellar resurfacing in reducing the incidence of postoperative anterior knee pain remains uncertain.
The variety of knee rating systems used in the studies made it difficult to compare the merits of patellar resurfacing or nonresurfacing. In our review, apart from two studies which reported that the difference between the resurfaced and the unresurfaced groups was significantly in favour of the resurfaced group, both the pooled estimate of four studies used KSS and the results of the other seven studies that cannot be included for meta-analysis demonstrated there was no significant difference between the two groups. Patient satisfaction was the same irrespective of whether the patella was resurfaced or not.
Based on the evidence presented, we draw a conclusion that patellar resurfacing in TKA can reduce the risk of reoperation with no benefit to postoperative knee function or patient satisfaction in TKA without patellar resurfacing, and whether it can decrease the incidence of anterior knee pain remains uncertain. Routinely resurfacing the patella lacks sufficient supporting evidence. The decision of whether or not to resurface the patella in TKA should be made based on the consideration of the situation of the patellofemoral joint, the design of the prosthesis [38, 53] and the experience of the surgeon, and it should integrate the patients' values and preferences [54] .
Several limitations were recognised in this review. First, we did not hand search journals and did not try to identify unpublished studies, making it possible that some related studies have been missed. We used funnel plots to detect the reporting biases (Fig. 6) . However, because the tests typically have relatively low power, even when a test does not provide evidence of funnel plot asymmetry, bias (including publication bias) cannot be excluded [55] . Second, a higher proportion of attrition rate existed in some included studies with mid-to long-term follow-up, producing a high risk of bias. To test the stability and reliability of the results by sensitivity analysis is necessary. However, it was impossible to perform an intention to treat analysis, because the numbers randomised into each intervention group were not reported in some studies and we failed to obtain the extra information by contacting the authors. Finally, the knee rating systems used in some studies to assess the effects of TKA were different and some data were reported incompletely; therefore, we excluded those studies in meta-analysis, which may influence the summary estimate of the quantitative synthesis. Some attention should be paid to further research. In this review, the missing data reached 36-42% in two studies with at least ten years follow-up, most of which were due to death. Therefore, in order to observe the adverse events in the long term, the age of participants should be taken into consideration when enrolling eligible participants. Further research should describe randomisation methods and allocation in concealment in more detail, use at least blinded outcome assessors and report whether intention to treat analysis is used. Reporting that conforms to the Consolidated Standards of Reporting Trials (CONSORT) statement is necessary [56] . Because the economic burden is of concern to some patients, future trials should perform cost-effectiveness analysis.
